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Rapid diagnosis and early detection of influenza virus infection is the key to controlling the disease in any animal species, including turkeys. A high degree of transmissibility of low-virulence forms of avian influenza virus 2,17,14 further justifies the need for the development of any early and rapid diagnostic procedure.
Avian influenza viruses (AIV) are currently identified in many laboratories by first inoculating the clinical specimens into embryonated chicken eggs via allantoic route and testing the amnioallantoic fluid for hemagglutinating virus 4 days postinoculation. The samples found positive for hemagglutination (HA) activity are then screened for type A ribonucleoprotein antigen by immunodiffusion test. The subtype of virus is determined by neuraminidase (NA)-inhibition and HA-inhibition tests using standard sera. 13 The antisera to HA virus and NA must be updated continually because of antigen shift and drift in the virus. Although this method is very sensitive and highly specific, identification takes several days to complete and is dependent on the presence of viable virus, high HA activity, and availability of antisera specific for the HA virus and NA. Often, virus isolation requires subsequent passages to increase the chances of virus isolation, and this step may delay the time required for identification of the virus. To overcome these disadvantages, rapid, sensitive, and type-specific assays have been developed by several investigators. [3] [4] [5] [6] 5 In 1991, the Minnesota Board of Animal Health reported 28 cases of AIV infection involving 9 serotypes in 110 flocks on 64 farms in 16 counties of the state of Minnesota. These cases provided an opportunity to compare a double antibody sandwich enzyme-linked immunosorbent assay (DAS-ELISA) with standard virus isolation technique (VIT) for samples obtained from commercial turkey flocks.
The purpose of this study was to compare the DAS-ELISA with the VIT for the detection of virus or viral antigens in cloacal and tracheal swabs of commercial turkeys with respiratory illness suspected to be caused by AIV infection.
Cloacal and tracheal swabs were collected from commer- cial turkeys with respiratory illness suspected to be caused by AIV infection. The samples were pooled, and each pool consisted of 3 or 4 swabs. All the samples were collected in veal infusion broth and were centrifuged at 500 x g for 20 minutes. The supernatant was divided equally for DAS-ELISA and VIT. The samples for VIT were treated with antibiotics (penicillin, 1,000 units/ml; streptomycin, 500 &ml), and 200 µ1 of sample was inoculated into 9-day-old embryonating chicken eggs via allantoic route. Three embryonating eggs were used for each sample. After 3 days incubation, the amnioallantoic fluid of chicken embryos was harvested and tested for HA using 0.5% chicken erythrocyte suspension. HApositive cultures were sent to the National Veterinary Service Laboratory (NVSL) for identification and subtyping. The HAnegative samples were passaged 2 more times before they were declared negative. The samples for DAS-ELISA were diluted 1:40 in Phosphate-buffered saline and treated with 1% Nonidet p. 40. a A 100-µ1 aliquot of the diluted test sample was added to each well, and the plates were incubated for 1 hour at 37 C. All the samples were run in duplicates. At the end of incubation with test samples, plates were washed, and 100 µ1 of rabbit polyclonal antibody to affinity-purified NP 12 was added and incubated for 1 hour at 37 C. Plates were then washed thoroughly, a 100-µ1 working dilution of goat anti-rabbit IgG conjugated to horseradish peroxidase a was added, and incubation was continued for 1 hour at the same temperature. Plates were then washed and activated tetra methyl benzidine a substrate was added and incubated in the dark for 10 minutes. The reaction was then stopped by adding 100 µ1 of 2 N H 2 SO 4 , and the plates were read at 450 nm using an ELISA reader.
A total of 288 specimens was collected from 3 different sources, designated A, B, and C. Source A included 120 samples from 17 flocks on a single farm; the tracheal and cloacal samples were collected after AIV antibodies had been detected in 1 flock on the farm. Blood was collected 2 weeks later for antibody detection by agar gel precipitin test (AGPT).
The source B samples originated from another single farm of 12 flocks located on 1 premises. A total of 98 samples were collected from different flocks at weekly intervals for 5 weeks after birds from 1 of the flocks were found positive for AIV antibodies by AGPT. In addition, blood samples were collected from turkeys at weekly intervals bv farm per- sonnel to monitor for the presence of AIV antibodies by AGPT. The 70 samples from source C included specimens from 5 different farms and were submitted by Minnesota turkey producers to the Avian Research Center, College of Veterinary Medicine, University of Minnesota, St. Paul. The VIT and DAS-ELISA were simultaneously run on 168 (from sources B and C) of the 288 samples.
A comparison of DAS-ELISA and VIT results for virus or antigen detection are shown in Table 1 . The DAS-ELISA detected viral infection in 143 of 288 samples. Thirty-nine of 168 were positive by DAS-ELISA, whereas 30 of 136 were positive by VIT. The following subtypes were identified: H 6 N 2 , H ? N 2 , H 6 N 1 , and H 6 N 8 . Selected HA-positive samples from source A were used for virus isolation, and the H 6 N 2 subtype of influenza A was isolated from all of them. The turkeys from source A became seropositive to the same subtype (H 6 N 2 ) within 2-3 weeks after sample collection.
Although samples were collected from all 12 flocks at source B, only those that were positive for AIV infection are reported in Table 2 . In the first week, 1/2 samples were positive by DAS-ELISA from flock d. The flock d was also positive for AIV antibodies (H 5 N 3 ) at the time of sample collection. Flocks b and c became DAS-ELISA positive by the second week, and 2 virus subtypes (H 6 N 2 , H ? N 2 ) were isolated from these samples, respectively. The H type of the virus isolated from flock c could not be determined. However, these flocks remained seronegative throughout the study. Flock a became seropositive on week 5, but no positive samples were found in this flock by VIT or DAS-ELISA.
Of the 39 samples positive by DAS-ELISA, 28 (71.7%) were positive by VIT. Two samples positive by VIT were negative by DAS-ELISA, whereas 11 samples positive by DAS-ELISA were negative by VIT. In comparison with VIT, DAS-ELISA was more reliable for rapid AIV diagnosis, and the sensitivity, specificity, and agreement were 93%, 92%, and 92%, respectively. The positive predictive value of DAS-ELISA was high (72%), and the index of agreement was excellent (K = 0.79, Z = 23.9, P < 0.0001) in comparison to VIT (Table 3) . procedure usually come too late to be useful for control or prophylaxis measures. At source B, DAS-ELISA could detect the antigen (flock d) even though virus was not isolated. The presence of AIV-specific antibodies in flock d suggests that the flock was infected with A1V. 1 The DAS-ELISA detected the shedding of viral antigen at 2 weeks in flocks b and c at source B, and 2 virus subtypes (H 6 N 2 and H ? N 2 , respectively) were isolated from these samples. However, flocks b and c remained seronegative throughout the study. The data from source B also suggest that this farm was infected with 2 or 3 different subtypes (H 5 N 3 , H 6 N 2 , and H ? N 2 ) of AIV.
The results of this study show that DAS-ELISA is highly sensitive for antigen detection. The sensitivity of rapid di- The diagnosis of AIV is usually done by VIT and typing of virus by subtype-specific antisera. The results from this agnostic tests for influenza virus type A obtained by other investigators ranges from 43% to 93%, with a specificity >90% . 8, 10, 15, 16 The sensitivity and specificity of DAS-ELISA . observed in the present study as compared with the VIT results is 93% and 92%, respectively. The positive predictive value was also high, suggesting a low rate of false positives. Eleven samples were positive by DAS-ELISA and negative by VIT. These would be considered false positives based on the results of VIT. However, these samples may be true positives because DAS-ELISA can detect nonviable virus particles or may detect low level of virus. The kappa index was used to determine the concordance between the 2 methods and to assess the reliability of the observed agreement, which does not correct the agreement expected by chance.ll In the present study, the index of agreement (92%) was good, and the kappa index between DAS-ELISA and VIT also showed an excellent agreement between the two assays. 9 The DAS-ELISA described in this study is a potentially viable alternative to the VIT, and the results are in excellent agreement with those of the VIT. The DAS-ELISA is sensitive and rapid, does not require considerable expertise, and could be adapted to large-scale epidemiological studies. More sensitive detection might be achieved by the use of a combination of NP monoclonal antibodies. The use of a combination of monoclonal antibodies may permit the direct detection of low levels of antigen in samples.
